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(57) ABSTRACT 

A two-hop distant node is recognized by exchanging a Hello 
message, and an RTS message is transmitted through a 
doubled transmission distance prior to transmission of a data 
packet. Each node manages a channel available to a self 
node and an adjacent node in a channel status table based on 
the RTS message. A node which tries to transmit the data 
packet refers to the channel status table, so as to be capable 
of easily selecting a channel available to the self node and 
a node of a communication destination. Transmission wire 
less field strength is enhanced or a modulating system 
strongly resistant to noises is used so that the RTS message 
is transmitted at a distance which is not less than twice as 
long as that of the Hello message and the data packet. 
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WIRELESS COMMUNICATION METHOD, 
WRELESS COMMUNICATION APPARATUS 

AND WIRELESS COMMUNICATION 
PROGRAM 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to wireless commu 
nication which is conducted by using a plurality of channels. 
0003 2. Description of the Related Art 
0004 Conventionally, wireless packet communication 
such as wireless LAN uses a CSMA/CA (Carrier Sense 
Multiple Access with Collision Avoidance) system. In the 
CSMA/CA system, in order to conduct communication with 
a common wireless channel being shared, a node which tries 
to transmit a packet first checks that other wireless terminals 
do not use the wireless channel, and then transmits a RTS 
(Request To Send) message to a receiving node. The node 
which receives the RTS message returns a CTS (Clear To 
Send) message to the transmitting node. The transmitting 
node receives the CTS message and then starts actual 
transmission of data packet. The RTS message and the CTS 
message include the time for which the channel is occupied, 
namely, the time until the transmission of the data packet is 
completed. 
0005. A node adjacent to the transmitting node which 
receives the RTS message and a node adjacent to the 
receiving node which receives the CTS message do not carry 
out transmission and reception for a period for which the 
transmitting and receiving nodes occupy the channel. Thus, 
packet collisions are avoided in communication using shared 
channel. 
0006. The above explanation refers to the wireless com 
munication method where one channel is shared, but the 
following document refers to a wireless communication 
method where a plurality of channels are shared. The 
document is Shih-Lin Wu et al., “A New Multi-Channel 
MAC Protocol with On-Demand Channel Assignment for 
Multi-Hop Mobile Ad Hoc Networks”, Proceedings of the 
Fifth International Symposium on Parallel Architectures, 
Algorithms, and Networks (ISPAN'00), IEEE, 2000. 
0007. In this wireless communication method, one of the 
plural channels is used as a control channel, and the other 
channels are used for data packet. The nodes use the control 
channel in order to determine a channel to be used for 
transmission of data packet. 
0008. The specific procedure of the wireless communi 
cation method is explained with reference to FIGS. 12A and 
12B. In a network topology condition of FIG. 12B, the 
process of transmitting a data packet from a node mS to a 
node mD is explained with reference to FIG. 12A. Nodes m1 
and m2 are positioned within a communication range of the 
node mS, and nodes m3 and m4 are positioned within a 
communication range of the node mD. The node mS which 
tries to start the transmission transmits an RTS message 
which stores a channel available to the self node therein. The 
adjacent nodes m1 and m2 which receive the RTS message 
are brought into a transmission forbidden state (NAV: Net 
work Allocation Vector) for all the channels for a predeter 
mined period. The node mD which receives the RTS mes 
sage transmits a CTS message which stores a channel 
available to the self node (determined as a channel i) among 
the channels available to the node mS stored in the RTS 
message. The adjacent nodes m3 and m4 which receive the 
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CTS message prohibit the communication through the chan 
nel i until the communication between the nodes mS and mD 
is completed. The node mS which receives the CTS message 
transmits an RES (REServation) message in order to post the 
transmission of the data packet using the channel i to the 
surround. The adjacent nodes m1 and m2 which receive the 
RES message prohibit the communication through the chan 
nel i until the communication between the nodes mS and mD 
through the channel i is completed. 
0009. According to such a method, a channel to be used 

is selected from the plural channels, so that the packet 
collisions are avoided. When the plural channels can be 
used, the throughput of the entire system can be improved. 
0010. However, in the case where the communication is 
conducted by using the plural channels according to the 
above conventional technique, the following problems arise. 
0011 Firstly, prior to the transmission of data packets, it 

is necessary to conduct communication of three control 
packets including RTS, CTS and RES through the control 
channel. When communication traffic increases, the control 
packets could use up the control channel. Under Such a 
circumstance, even if a data channel is still available, the 
control channel becomes bottleneck, thereby deteriorating 
the throughput. In the case where a broadcast packet is also 
transmitted through the control channel, the possibility of 
generating congestion in the control channel is heightened. 
It is, therefore, desired to reduce an amount of packets to be 
transmitted through the control channel. 
0012 Secondly, the RTS message could be transmitted to 
a node without an available channel. For example, under a 
circumstance shown in FIG. 13, since the node m1 is in the 
communication-enabled range of the node mS, the use of the 
channels is prohibited (assume that the use of all the 
channels is prohibited). However, since the node m5 does 
not recognize that the node m1 has no available channel, 
when the node m5 tries to communicate with the node m1, 
it transmits the RTS message to the node m1. At this time, 
the RTS message from the node m5 is received also by a 
node m6, and when the node m6 receives the RTS message, 
it comes into the NAV state for a predetermined period. That 
is to say, the node m6 is brought into NAV state by the RTS 
message, which is not necessary to be transmitted if the node 
m5 recognizes that it cannot communicate with the node m1. 
Therefore, if the transmission of such a useless RTS message 
(under a circumstance that the communication cannot be 
started) can be repressed, the improvement of communica 
tion efficiency can be assumed. 

SUMMARY OF THE INVENTION 

0013 The object of the present invention is to realize 
efficient communication in a wireless communication sys 
tem using a plurality of channels. 
0014. In order to attain the above object, in the present 
invention, wireless communication is conducted in the wire 
less communication system using a plurality of channels by 
the following units and process. That is to say, each node in 
the wireless communication system stores a channel avail 
able to a self node and a node adjacent to the self node (the 
node to which the self node can transmit a data packet 
directly without another node relaying) in a channel status 
table, and selects a channel to be used for transmission of 
data packets based on this table. When such a channel status 
table is used, the transmitting node can determine a channel 
that the receiving node can is able to use without exchanging 
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the control packet. Therefore, the number of control packets 
to be transmitted before the transmission of the data packets 
can be reduced, so that efficient communication can be 
realized. 

0015. Hereafter, the node adjacent to the self node (the 
node with which direct communication can be conducted 
without relay) is referred to as a primary adjacent node (or 
simply, an adjacent node). A node which is not adjacent to 
the self node but is adjacent to the primary adjacent node of 
the self node is referred to as a secondary adjacent node. 
Since the self node can communicate directly with the 
primary adjacent node, the primary adjacent node is also 
referred to as a node of a one-hop distance (also, one-hop 
node or one-hop distant node) Since the self node can 
communicate with the secondary adjacent node via a relay 
of the primary adjacent node, the secondary adjacent node is 
also referred to as a node of a two-hop distance (also, 
two-hop node or two-hop distant node). In the present 
invention, as described later, a communication range of data 
packets is made to be different from a communication range 
of a channel reservation notification, but the words “adja 
cent” and “adjacent node' are on the basis of the commu 
nication range of data packets. Therefore, the words "pri 
mary adjacent node' and 'secondary adjacent node are also 
on the basis of the communication range of data packets. 
That is to say, if a data packet is not directly reaches a node, 
this node is not the primary adjacent node but the secondary 
adjacent node, even though the channel reservation notifi 
cation reaches directly to that node. 
0016. The specific wireless communication method 
according to the present invention is explained below. In the 
wireless communication system, a node which tries to 
transmit a data packet, transmits the channel reservation 
notification for notifying a channel to be used for transmis 
Sion, a transmitting node (self node) and a receiving node to 
Surrounding nodes. The channel reservation notification is 
transmitted from the self node to both of the primary 
adjacent nodes and the secondary adjacent nodes. 
0017. A node which receives the channel reservation 
notification updates the channel status table which stores a 
channel available to the self node and the primary adjacent 
node therein based on the channel reservation notification. 
More specifically, a node adjacent to any one of the trans 
mitting node and the receiving node (the transmitting node 
and the receiving node are included in the received reser 
Vation notification) updates the channel status table Such that 
the channel specified by the channel reservation notification 
cannot be used (not available). This is because an adjacent 
node of the transmitting/receiving node cannot use the 
channel due to interference by a radio wave. It is noted that 
“the node adjacent to any one of the transmitting node and 
the receiving node' includes both the self node (the node 
that receives the notification) and the primary adjacent node 
of the self node. 

0018. In the process for updating the channel status table, 
it is preferable that a process for determining a node adjacent 
to the transmitting/receiving node included in the channel 
reservation notification is executed based on the topology 
information table that stores the primary adjacent node and 
the secondary adjacent node of the self node. It is, therefore, 
preferable that each node of the wireless communication 
system stores the primary adjacent node and the secondary 
adjacent node of the self node as a topology information 
table. The topology information table can be generated in 
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Such a manner that each node in the wireless communication 
system exchanges topology information notification for 
notifying the primary adjacent node of the self node. It is 
more preferable that the topology information notification is 
exchanged periodically and the topology information table is 
updated periodically. 
0019. As described above, by using the channel reserva 
tion notification which can be transmitted directly to both of 
the primary and the secondary adjacent node, each node in 
the wireless communication system can get information 
about the channel available to the self node and the primary 
adjacent node. In the conventional art, when the the com 
munication is started from the node of the two-hop distance 
(secondary adjacent node) to the primary adjacent node, the 
self node receives the CTS message from the primary 
adjacent node (receiving node) so as to determine that a 
channel cannot be used. On the contrary, in the present 
invention, since the self node is able to receive the channel 
reservation notification transmitted from the node of the 
two-hop distance, the self node can determine that the 
channel to be used for transmission cannot be used without 
using the CTS message. Further, when the nodes of two-hop 
distance communicate with each other, since the self node is 
able to receive the channel reservation notification, the self 
node can determines that the adjacent node is interfered by 
the communication between the nodes of two-hop distance. 
Therefore the self node is able to recognize that it cannot 
communicate with the adjacent node using that channel. 
0020. When the channel available to the self node and the 
primary adjacent node is stored in the channel status table, 
the node which tries to transmit a data packet can easily 
select a channel to be used for transmission of the data 
packet. That is to say, the channel can be selected only by 
referring to the channel status table without exchanging a 
control packet with the receiving node. 
0021. It is preferable that the channel reservation notifi 
cation is transmitted so as to propagate a distance at least 
twice as long as a transmission distance of the data packet. 
With such a constitution, the channel reservation notification 
can be transmitted to all the secondary adjacent nodes (the 
nodes of two-hop distance), and each node can Suitably get 
information about the channel status (availability). In order 
to lengthen the transmission distance of the channel reser 
Vation notification, for example, the transmission wireless 
field strength of the channel reservation notification may be 
enhanced. Further, such a modulating system that the noti 
fication is receivable with lower S/N ratio can be employed 
for transmission of the channel reservation notification. 

0022. It is preferable that a plurality of channels to be 
used in the wireless communication system including a 
broadcast channel for transmitting a broadcast packet, a 
control channel for transmitting a control packet, and a 
plurality of data channels for transmitting data packets. It is 
preferable that the topology information notification is trans 
mitted through the broadcast channel, the channel reserva 
tion notification is transmitted through the control channel 
and the data packet is transmitted through any one of the 
data channels. It is preferable that each node has first and 
second radio devices and that the first radio device is used 
specially for the broadcast channel, and the second radio 
device switches the channel between the control channel and 
the data channel. According to the above method, the second 
radio device can conduct appropriate communication where 
packet collisions are avoided while Switching the channel 
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between the control channel and the data channel. Therefore, 
the first radio device can be used specially for the broadcast. 
0023 The present invention may also be considered as a 
wireless communication apparatus having a function for 
executing at least a part of the above process. Further, the 
present invention may also be considered as a program for 
realizing the above process. The above units and the pro 
cesses may be combined as many as possible so as to 
configure the present invention. 
0024 For example, a wireless communication apparatus 
from one aspect of the present invention includes: a channel 
status table in which a channel available to a self node and 
a primary adjacent node is stored, the primary adjacent node 
being a node adjacent to the self node; and a channel 
selecting unit that selects the channel available to the self 
node and the primary adjacent node as a channel to be used 
for transmission of a data packet to the primary adjacent 
node based on the channel condition table. It is preferable 
that this wireless communication apparatus further includes: 
a channel reservation notification transmission unit that 
transmits channel reservation notification to the primary 
adjacent node and a second adjacent node, the channel 
reservation notification notifying a channel to be used for 
transmission, a transmitting node and a receiving node, the 
secondary adjacent node being a node non-adjacent to the 
self node but adjacent to the primary adjacent node; and a 
channel status table updating unit that updates the channel 
status table based on the received channel reservation noti 
fication. 

0025. A wireless communication program from one 
aspect of the present invention allows a wireless communi 
cation apparatus using a plurality channels to be conducted, 
the program allowing a wireless communication apparatus 
having a status table for storing a channel available to a self 
node and a primary adjacent node as a node adjacent to the 
self node therein to execute the step of selecting the channel 
available to the self node and the primary adjacent node as 
a channel to be used for transmission of a data packet to the 
primary adjacent node based on the channel status table. It 
is preferable that this wireless communication program 
allows the wireless communication apparatus to execute: the 
step of transmitting channel reservation notification to the 
primary adjacent node and a second adjacent node, the 
channel reservation notification notifying a channel to be 
used for the transmission, a transmitting node and a receiv 
ing node, the second adjacent node being a node non 
adjacent to the self node but adjacent to the primary adjacent 
node; and the step of updating the channel status table based 
on the received channel reservation notification. 
0026. According to the present invention, in the wireless 
communication system using a plurality of channels, effi 
cient communication can be realized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0027 FIG. 1 is a functional block diagram illustrating a 
wireless communication apparatus according to an embodi 
ment, 
0028 FIG. 2 illustrates an example of a wireless com 
munication network topology according to the embodiment; 
0029 FIG. 3 illustrates an example of a topology infor 
mation table; 
0030 FIG. 4 illustrates an example of a channel status 

table; 

Sep. 27, 2007 

0031 FIG. 5 is a flowchart illustrating a flow of a channel 
selecting process; 
0032 FIG. 6 is a flowchart illustrating a flow of a process 
for acquiring an interference channel of a transmitting node 
in the channel selecting process; 
0033 FIG. 7A is a sequence diagram of packets trans 
mitted/received at the time of transmitting data packets, and 
FIG. 7B illustrates a network topology at that time; 
0034 FIG. 8 illustrates a format of an RTS message; 
0035 FIG. 9 illustrates a format of a Hello message; 
0036 FIG. 10 is a flowchart illustrating a flow of a 
topology information table updating process to be executed 
at the time of receiving the Hello message; 
0037 FIG. 11 is a flowchart illustrating a flow of a 
channel status table updating process to be executed at the 
time of receiving the RTS message; 
0038 FIG. 12A is a sequence diagram of packets to be 
transmitted/received at the time of transmitting the data 
packet in a conventional art, FIG. 12B illustrates a network 
topology at that time; and 
0039 FIG. 13 is a diagram explaining a condition that 
Surrounding nodes are brought into an NAV state by a 
useless RTS message in a conventional art. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0040. A preferred embodiment of the present invention is 
explained in detail below with reference to the drawings in 
an exemplified manner. 
0041. A wireless communication system according to the 
embodiment conducts wireless communication using a plu 
rality of channels. In the embodiment, each node in the 
wireless communication network manages channels (data 
channel) available to a self node and adjacent nodes in a 
channel status table. As a result, a channel which is used for 
transmitting data packets can be easily selected, and when 
starting transmission of data packets the number of control 
packets to be transmitted on a control channel can be 
reduced. 

0042. In the embodiment, one broadcast channel, one 
control channel, and four data channels are used. In the 
embodiment, multi-channel connection is realized by an 
FDMA (Frequency Division Multiple Access) system. The 
multi-channel connection may be realized by other wireless 
communication systems such as CDMA (Code Division 
Multiple Access) and OFDMA (Orthogonal Frequency Divi 
sion Multiple Access). 
0043. A method of selecting a channel based on a channel 
status table is explained in detail below. A method of 
generating such a channel status table is also explained in 
detail. 

<Functional Configuration> 
0044. A wireless communication apparatus 1 according 
to the embodiment is explained. The wireless communica 
tion apparatus 1 may include a CPU (Central Processing 
Unit), a main storage unit (RAM), an auxiliary storage unit 
(ROM), a communication interface and the like as a hard 
ware configuration. These components of the wireless com 
munication apparatus 1 are connected via bus. The wireless 
communication apparatus 1 is provided with two commu 
nication interfaces (radio devices), one of them uses only the 
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broadcast channel and the other uses the control channel and 
the four data channels in a Switching manner. 
0045 FIG. 1 is a diagram illustrating a functional block 
example of the wireless communication apparatus 1. When 
various programs (OS, application, etc.) stored in the aux 
iliary storage unit are loaded into the main storage unit and 
are executed by the CPU, the wireless communication 
apparatus 1 according to the embodiment functions as a 
packet receiver 2, a data packet processor 3, a channel status 
table updater 4, a topology information table updater 5, a 
channel status table 6, a topology information table 7, a 
channel selector 8, a data packet generator 9, an RTS 
message generator 10, a Hello message generator 11 and a 
packet transmitter 12. All or some functions of the wireless 
communication apparatus 1 according to the embodiment 
may be constituted by special chips. 
0046. The topology information table 7 is a table into 
which nodes adjacent to a self node and nodes of two-hop 
distance are stored. FIG. 3 is a diagram illustrating an 
example of the topology information table, and is the 
topology informaton table owned by a node “a” of a network 
topology shown in FIG. 2. A node ID 21, the number of 
adjacent nodes 22, an adjacent node ID 23, two-hop node 24 
are stored in the topology information table. IDs of nodes 
adjacent to the node having this table (node “a”) are stored 
in the node ID 21. The number of nodes adjacent to 
respective nodes is stored in the number of adjacent nodes 
22. The node “a” (self node) is not included in the number 
of adjacent nodes. That is to say, for example, nodes adjacent 
to a node “b' are five nodes including nodes “a”, “c”, “d'. 
“g and “m', but “4” excluding the node “a” is stored in the 
number of adjacent nodes 22. IDs of nodes adjacent to 
respective nodes are stored in the adjacent node ID 23. The 
node “a” (self node) is omitted here, too. A node of two hop 
distance from the node “a” among the nodes adjacent to 
respective nodes is stored in the two-hop node 24. More 
specifically, a node, which is included in the nodes adjacent 
to the respective nodes and is not included in the nodes 
adjacent to the node “a”, corresponds to the node of two-hop 
distance. 

0047. The channel status table 6 is a table in which 
channels available to a self node and adjacent nodes are 
stored. FIG. 4 is a diagram illustrating an example of the 
channel status table, and is the channel status table owned by 
the node 'a' in the network topology and a communicating 
situation shown in FIG. 2. In FIG. 2, communicating nodes 
are connected by a line with an arrow, and a data channel 
used for the the communication is shown next to it. A node 
ID 31, a state 32 and a channel state 33 are stored in the 
channel status table 6. “Idle' or “communicating” is stored 
as the communication state of each node in the state 32. The 
channel state 33 shows a use condition of a channel of each 
node. In FIG. 4, white circle represents that the channel is 
available, a black triangle represents that a channel is 
interfered because Surrounding nodes are conducting com 
munication, and a black Square represents that the node is 
being used for the communication. In the case of interfering 
and using, a transmission period (duration) which is the time 
until the channel becomes available is stored simultaneously 
with the use condition. In the channel status table 6, since the 
state 32 can be obtained from the channel state 33 (with 
respect to the channel state, a node having a communicating 
channel is communicating, and the other nodes are in the 
idle state), the state 32 can be omitted. 
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0048. The node which has the channel status table 6 can 
get information about a channel available to the adjacent 
node based on this table. With respect to a channel available 
to the self node, the node can get information about available 
channel other than the channel used for the communication 
by the adjacent node (in FIG.4, channel 3 is used by a node 
“k”). 
0049. In this embodiment, the channel status table 6 and 
the topology information table 7 are structured as different 
tables, but may be structured as one table by using node ID 
as a key. 
0050. The packet receiver 2 receives a packet from other 
wireless communication apparatus. The packet receiver 2 
transmits the received packet to one of the data packet 
processor 3, the channel status table updater 4, or the 
topology information table updater 5 in accordance with the 
type of the packet. The data packet transmitted to the data 
packet processor 3 is transmitted to a higher layer. 
0051. The RTS message (channel reservation notifica 
tion) received by the receiver 2 is sent to the channel status 
table updater 4. The channel status table updater 4 updates 
the channel status table 6 based on the RTS message. 
0.052 The Hello message (topology information notifi 
cation) received by the receiver 2 is sent to the topology 
information table updater 5. The topology information table 
updater 5 updates the topology information table 7 based on 
the Hello message. 
0053. The data packet generator 9 generates data packets 
to be transmitted. Prior to the transmission of data packets, 
the channel selector 8 selects a channel to be used based on 
the channel status table 6. The RTS message generator 10 
generates the RTS message for notifying Surrounding nodes 
of a channel to be used for the transmission of data packets, 
a transmitting node (self node) and a receiving node. 
0054 The Hello message generator 11 generates the 
Hello message for posting the node adjacent to a self node 
based on the topology information table 7. The Hello 
message generator 11 generates the Hello message periodi 
cally. 
0055. The packet transmitter 12 transmits the data pack 
ets generated by the data packet generator 9, the RTS 
message generated by the RTS message generator 10, and 
the Hello message generated by the Hello message generator 
11. The packet transmitter 12 transmits a data packet using 
any one of the four data channels, the RTS message using the 
control channel, and the Hello message using the broadcast 
channel. When transmitting the RTS message, the packet 
transmitter 12 increases transmission radio field strength or 
uses a modulating system which makes the message receiv 
able even if its S/N ratio is low, so as to make a transmission 
distance of the RTS message at least twice as long as that of 
the data packets and the Hello message. When the RTS 
message is allowed to directly reach the two-hop distant 
nodes in Such a manner, the channel reservation can be 
posted to the two-hop distant nodes, thereby simplifying the 
updating of the channel status table. 

<Process Flows 

Channel Selecting Process 
0056. A process for selecting a channel to be used for 
transmission of data packets is explained below with refer 
ence to the channel status table 6. Here, the channel selecting 
process is explained on the condition that the channel status 
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table 6 is already generated. A method of generating the 
channel status table 6 is explained later. FIGS. 5 and 6 are 
flowcharts illustrating a flow of the channel selecting pro 
cess executed by the channel selector 8. 
0057 FIG. 5 is the flowchart illustrating the entire flow of 
the channel selecting process. The channel selector 8 refers 
to the channel status table 6, and determines whether a 
receiving node is communicating (S101). When the receiv 
ing node is communicating (Yes at S101), the process stands 
by until the receiving node ends the communication (S106). 
When the receiving node is not communicating (No at 
S101), the channel selector 8 acquires a channel interfered 
by other nodes based on the channel status table 6 (S102). 
0058. Details of a process for extracting an interference 
channel around the self node are explained with reference to 
the flowchart of FIG. 6. The channel selector 8 clears an 
interference channel list in which interference channels are 
stored (S201). The channel selector 8 refers to the channel 
status table 6, and determines whether there is a communi 
cating node among the adjacent nodes (S202). If there is 
communicating node among the adjacent nodes (Yes at 
S202), the channel selector 8 adds the channel which is used 
for the communication by that node to the interference 
channel list (S203). The channel selector 8 determines 
whether interference channels interfered by all the nodes in 
communication are acquired (S204). When there is a com 
municating node whose transmitting channel is not acquired 
yet (No at S204), the sequence returns to S203 so that the 
channel selector 8 adds the interference channel to the 
interference channel list. When all the interference channels 
interfered by all the communicating nodes are acquired (Yes 
at S204), the process is ended, and the sequence goes to 
S103. When the adjacent nodes do not include any commu 
nicating node (No at S202), the process is ended with the 
interference channel list containing nothing, and the 
sequence goes to S103. 
0059. The explanation returns to the flowchart of FIG. 5. 
After acquiring the interference channel of the self node as 
described above, the channel selector 8 refers to the channel 
status table 6, and acquires a channel that the receiving node 
is interfered with (S103). The channel selector 8 acquires the 
channel that the receiving node is interfered with from the 
channel status table 6 so as to add it to the interference 
channel list. 

0060. The channel selector 8 determines whether an 
unused (available) channel is present based on the interfer 
ence channel list (S104). When the unused channel is not 
present (No at S104), the channel selector 8 stands by until 
an unused channel appears (S107), and then the process after 
S101 is again repeated. When unused channels are present 
(Yes at S104), the channel selector 8 selects any channel 
from the unused channels as a transmission channel (S105). 
0061. In a channel status shown by the channel status 
table of FIG. 4 (in the case of FIG. 2), the channel selecting 
process in the case where the node “a” executes the trans 
mission is explained. The channel with which node “a” is 
interfered is only the channel 3, which is used by the node 
“k” in communication. When the receiving node is the node 
“b’, the node “b' is interfered with a channel 4, and thus the 
node “a” can communicate with the node “b” using the 
channel 1 or 2. When the receiving node is a node 'e', the 
node 'e' is interfered with the channels 1 and 3, and thus the 
node “a” can communicate with the node “e using the 
channel 2 or 4. 
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0062. When the channel status table 6 is structured in 
Such a manner, the channel selector 8 can easily select the 
channel available to both of the transmitting node (self node) 
and the receiving node. 

Data Packet Transmitting Process 
0063. The process for transmitting data packets is 
explained below with reference to FIGS. 7A and 7B. A node 
“nS” stands by for DIFS and BACK OFF, checks that the 
control channel is not used, and then transmits the RTS 
message through the control channel. After the node “nS” 
transmits the RTS message through the control channel, it 
tunes in the radio device to a selected channel. 
0064 FIG. 8 illustrates a format of the RTS message. A 
value showing that this message is the RTS message is 
stored in frame control 41. The time until the communica 
tion between the nodes “nS and “nD' is completed is stored 
in transmission period 42. An MAC address of the receiving 
node is stored in receiving node address 43, and an MAC 
address of the transmitting node is stored in transmitting 
node address 44. A channel which is used for the commu 
nication between the nodes “nS and “nD” is stored in 
transmission channel 45. A value for detecting a communi 
cation error is stored in FCS 46. 
0065. The RTS message transmitted from the node “nS” 

is received by the node “nD and the nodes “nl” to “n4”. 
The nodes “n1 to "n4, which receive the RTS message 
showing that the self node is not specified as the receiving 
node, recognize that the transmission channel 45 stored in 
the RTS message is not available for the transmission period 
42. More specifically, the nodes “n1 and “ng” recognize 
that they cannot use the specified channel. The node “n2 
recognize that the node “n 1 can not use the specified 
channel, and the node "n4 recognize that the node “n3” can 
not use the specified channel. As a result, the communication 
between the nodes “nS and “nD' can be prevented from 
being interfered by the other nodes. 
0066. The node “nD”, which receives the RTS message 
showing that the self node is specified as the receiving node, 
transmits the CTS message for acknowledging the reception 
to the node “nS'. After receiving the RTS message, the node 
“nlD” stands by for SIFS time, and transmits the CTS 
message through the transmission channel 45 stored in the 
RTS message. After receiving the CTS message, the node 
“nS' transmits a data packet. 
0067. Because the RTS message is transmitted so as to 
propagate distance twice as long as that of the other com 
munication, a channel reservation for both adjacent nodes 
and two-hop nodes is done only by transmitting the RTS 
message once. Therefore, the control packet to be used prior 
to the transmission of a data packet can be only one RTS 
message. Since the packets transmitted through the control 
channel can be reduced, even if the communication traffic 
increases, a deterioration of throughput is repressed. 
0068. When the nodes “nS” and “nD” complete the 
communication and try to transmit data to the other nodes, 
they preferably stand by for a predetermined period. Since 
the nodes “nS and “n” switch a channel used by the radio 
device from the control channel into the data channel, they 
cannot acquire the RTS message transmitted from other 
nodes. Therefore, channel status may not be correctly 
acquired. After the communication is completed, therefore, 
it is preferable that the nodes “nS” and “nD” listen the 
control channel for the time expressed by (CTS length-ACK 
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length--SIFS lengthx3+maximum frame length)/(communi 
cation speed) and then start new communication. The nodes 
“nS and “nD” stand by for this period, thereby avoiding 
interference of the communication started after the starting 
of the communication between the nodes “nS and “nD'. 
When the communication between the nodes “nS and “nD’ 
is conducted again by using the same channel, the nodes 
“nS and “n” can transmit the RTS message without 
standing by for this time period, and start the communication 
again. As a result, the throughput can be improved. 

Topology Information Table Generating Process 

0069. The process for generating the topology informa 
tion table 7 is explained below. The topology information 
table 7 is generated in such a manner that the respective 
nodes post adjacent nodes of itself to one another, by means 
of the Hello message. The topology information table 7 is 
referred to when the channel status table 6 is generated. 
0070 The Hello message generator 11 of each node 
generates the Hello message periodically, and the packet 
transmitter 12 transmits the generated Hello message. FIG. 
9 illustrates a format of the Hello message. A value repre 
senting that this message is the Hello message is stored in 
frame control 51. The transmission period of this message is 
stored in transmission period 52. An MAC address of the 
receiving node is stored in receiving node address 53, and an 
MAC address of the transmitting node (self node) is stored 
in transmitting node address 54. The number of nodes 
adjacent to the self node (nodes which can conduct com 
munication by one hop) is stored in the number of adjacent 
nodes 55. IDs of the adjacent nodes are stored in adjacent 
node 56. A value for detecting a communication error is 
Stored in FCS 57. 

0071. The packet transmitter 12 transmits the generated 
Hello message through the broadcast channel. FIG. 10 is a 
flowchart illustrating a flow of the process executed by the 
node which receives the Hello message. 
0072 The node which receives the Hello message sends 
the Hello message to the topology information table updater 
5 (S301). The topology information table updater 5 deter 
mines whether the node which transmits the Hello message 
is a new adjacent node, namely, this node does not appear in 
the topology information table 7 as an adjacent node of the 
self node (S302). When the transmission node is a new 
adjacent node (Yes at S302) the topology information table 
updater 5 stores this node as the adjacent node in the 
topology information table 7 (S303). The topology infor 
mation table updater 5 updates the topology information 
table 7 using the number of adjacent nodes 55 and the 
adjacent node ID 56 stored in the Hello message (S304). The 
topology information table updater 5 updates also two-hop 
node (S305). Specifically, the topology information table 7 
is updated in Such a manner that the node that is not stored 
as an adjacent node in the topology information 7 among the 
adjacent nodes of the transmitting node, is stored as the 
two-hop node of the self node. When the node which 
transmits the Hello message is stored as the two-hop distant 
node in the topology information table 7, this transmitting 
node is changed into the adjacent node, and thus this is 
deleted from node as the two-hop node. 
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0073. When the Hello message is exchanged in such a 
manner, each node in the network can get information about 
the adjacent nodes and the two-hop node of the self nodes. 

Channel status Table Generating Process 
0074 Lastly, the process for generating the channel status 
table 6 is explained. The channel status table 6 is generated 
based on the RTS message which is transmitted prior to the 
transmission of the data packets and the topology informa 
tion table 7. 
(0075 FIG. 11 is a flowchart illustrating a flow of the 
channel status table generating (updating) process executed 
by the node which receives the RTS message. 
0076. The node which receives the RTS message sends 
the RTS message to the channel status table updater 4 
(S401). The channel status table updater 4 determines 
whether the transmitting node or the receiving node stored 
in the RTS message is the adjacent node of the self node. The 
transmitting node can be acquired from the transmitting 
node address 44 (FIG. 8) of the RTS message, and the 
receiving node can be acquired from the receiving node 
address 43 of the RTS message. The determination of 
whether the transmitting/receiving node is the adjacent node 
or not can be made by referring to the topology information 
table 7. 
0077. When the transmitting node or the receiving node 
stored in the RTS message is the adjacent node of the self 
node (Yes at S402), the state of this node is updated into 
“communicating. The transmission channel stored in the 
RTS message is set for "communicating, and the transmis 
sion period (release time) of this channel is set (S403). 
0078. The channel status table updater 4 updates the 
channel status table 6 Such that the node, which is adjacent 
to the transmitting node or the receiving node stored in the 
RTS message, is interfered with the transmission channel 
specified by the RTS message (S404) The node, which is 
adjacent to the transmitting node or the receiving node 
stored in the RTS message, can be determined as a node Such 
that the adjacent node ID 23 includes the transmitting node 
or the receiving node by referring to the topology informa 
tion table 7. 
007.9 The method of updating the channel status table 6 

is explained with reference to the topology status of FIG. 2 
and the topology information table of FIG. 3 as examples. 
0080. The node '' transmits the RTS message for post 
ing the communication with the node “h” through the 
channel 1. The node “a” which receives the RTS message 
determines whether the transmitting/receiving nodes speci 
fied by the RTS message (nodes “” and “h”) are adjacent 
nodes of the self node. With reference to the topology 
information table 7 (FIG. 3), since both the nodes '' and 
“h” are not the adjacent nodes of the self node, the state 32 
of the adjacent node is not updated. Then, the channel state 
33 of the node adjacent to the transmitting/receiving nodes 
is updated. It is found that the node adjacent to the node 'i' 
or “h” is the node 'e' because the adjacent node ID 23 of the 
node 'e' includes the node 'i' or “h”. The channel status 
table updater 4, therefore, updates the channel status table 6 
such that the node 'e' is being interfered with the channel 
1 (FIG. 4). 
I0081. The node “m' transmits the RTS message for 
posting the communication with the node ''g'' through the 
channel 4. The node “a” which receives the RTS message 
determines whether the transmitting/receiving nodes speci 
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fied by the RTS message (nodes 'g' and “m’) are the 
adjacent nodes of the self node. Since these nodes are not the 
adjacent nodes, the state 32 of the adjacent node is not 
updated. The information that the adjacent nodes of the 
nodes 'g' and “m” are the nodes “b” and 'c' is acquired 
from the topology information table 7. The channel status 
table 6 is updated such that nodes “b” and “c” are interfered 
with the channel 4. 
0082. The node 'i' transmits the RTS message for post 
ing the communication with the node “k' through the 
channel 3. Since the node “k” is the node adjacent to the self 
node, the node “a” which receives the RTS message updates 
the state of the node “k” to “communicating, and updates 
the channel status table 6 such that the node "k' is commu 
nicating through the channel 3. The channel status table 6 is 
also updated such that nodes “d” and “e' adjacent to the 
nodes 'i' and 'k' are interfered with the channel 3. 
0083. In the above explanation, the processes are catego 
rized according to whether the transmitting/receiving nodes 
stored in the RTS message are the adjacent nodes of the self 
node. Specifically, when any one of the transmitting/receiv 
ing nodes is the adjacent node of the self node, the channel 
state of the adjacent node and the channel state of the self 
node are simultaneously updated. Also in this case, however, 
the channel status table 6 is seen to be updated such that the 
node adjacent to any one of the transmitting/receiving nodes 
stored in the RTS message cannot use a specified channel. In 
the case where the transmitting node is the two-hop distant 
node from the self node and the receiving node is the 
adjacent node of the self node, the channel status table is 
updated Such that the receiving node and the self node 
cannot use specified channels. Here, the receiving node is 
the adjacent node of the transmitting node and the self node 
is the adjacent node of the receiving node. That is to say, 
steps S403 and S404 in the flowchart of FIG. 11 correspond 
to the process for updating the channel status table such that 
the node adjacent to any one of the transmitting node and the 
receiving node stored in the received RTS message cannot 
use the channel specified by the RTS message. 

Effects of the Invention 

0084 Each node in this embodiment posts the RTS 
message at a transmission distance twice as long as that of 
data packets or the like to Surrounding nodes, so as to get 
information about the use condition (availability) of the 
channels as the format of the channel status table. When 
each node transmits data packets, each node refers to the 
channel status table 6 and easily acquires the channels 
available to both of the self node and the receiving node. 
I0085. When the RTS message is posted directly to the 
node of two-hop distance, the packet which is transmitted 
through the control channel prior to the transmission of a 
data packet includes only RTS message. Therefore, even if 
the communication traffic increases, the possibility that the 
control channel is occupied by the control packet is reduced. 
I0086. It is desirable that the all the nodes of two-hop 
distance can receive the RTS message at the transmission 
distance of the RTS message twice as long as that of the data 
packet or the like. However, the transmission distance of the 
RTS message may be shorter than the double distance of the 
data packet or the like. Even in this case, the possibility of 
packet collision can be reduced (though not as effective as 
described above). 
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0087. Since the channel is switched between the control 
channel and the data channel in one of the two radio devices 
and the communication can be conducted by the above 
method, the other radio device can be specially allocated to 
the broadcast channel. The broadcast communication can be, 
therefore, always conducted. 
I0088. In this embodiment, since the Hello message is 
exchanged and the topology of the two-hop distant nodes is 
obtained, singular adjacent node for the node of the two-hop 
distance, or the adjacent node that is a relay node for the 
most two-hop distant node can be selected as a relay node in 
flooding, so that efficient flooding can be executed. 
<Others> 

0089. The wireless communication method in this 
embodiment is more effective when it is applied to an ad-hoc 
wireless communication network. The ad-hoc wireless com 
munication network is an autonomous wireless network 
which is temporarily constructed by mobile terminals. In the 
ad-hoc wireless communication network, when direct com 
munication (1-hop communication) cannot be conducted 
between wireless communication devices which are sepa 
rated from each other, a wireless communication device 
which is present therebetween relays the communication So 
that information is exchanged by multi-hop communication. 
In the multi-hop communication, since there is a possibility 
that channels are interfered in each hop, as the number of 
hops increases, the more notably the throughput is deterio 
rated. The wireless communication method which effec 
tively avoids the channel interference is applied to the 
ad-hoc wireless communication network, thereby obtaining 
a great effect. An example of the ad-hoc wireless commu 
nication network includes a vehicle-to-vehicle ad-hoc wire 
less communication system which is composed of a wireless 
communication apparatus built into vehicles. 
0090 The transmission interval of the Hello message 
does not have to be a constant interval. The topology 
information table 7 does not have to be updated every time 
when the Hello message is received. For example, in the 
vehicle-to-vehicle ad-hoc wireless communication system, 
the transmission interval of the Hello message may depend 
on a speed of a self vehicle acquired from a vehicle speed 
sensor. The update timing of the topology information table 
7 may depend on the vehicle speed. For example, it may 
depend how many times the Hello message has been 
received from one node to update the topology information 
table 7. When the speed of the self vehicle is slow, the 
network topology does not abruptly change. For this reason, 
the transmission interval of the Hello message may be 
lengthened or the topology information table 7 is updated 
after more Hello messages has been received, so that the 
processing load of the wireless communication apparatus 
can be reduced. Further, the transmission interval of the 
Hello message and the processing interval at the time of 
reception can be determined based on not the speed of the 
self vehicle but the speed of another vehicle or a relative 
speed or the like between the self vehicle and another 
vehicle. 
0091. This application claims priority from Japanese 
Patent Application No. 2006-85563 filed on Mar. 27, 2006, 
which is hereby incorporated by reference herein. 
What is claimed is: 
1. A wireless communication method in a wireless com 

munication system using a plurality of channels, compris 
1ng: 
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the step of allowing each node in the wireless communi 
cation system to store channels available to a self node 
and a node adjacent to the self node in a channel status 
table; and 

the step of allowing each node in the wireless communi 
cation system to select a channel to be used for trans 
mission of a data packet based on the channel status 
table. 

2. The wireless communication method according to 
claim 1, comprising: 

the step of allowing a node transmitting a data packet to 
transmit a channel reservation notification to a primary 
adjacent node and a secondary adjacent node, the 
channel reservation notification notifying the channel 
to be used for the transmission, a transmitting node and 
a receiving node, the primary adjacent node being the 
node adjacent to the self node, and the secondary 
adjacent node being a node non-adjacent to the self 
node but adjacent to the primary adjacent node: 

the step of allowing a node receiving the channel reser 
vation notification to update the channel status table of 
the self node based on the received channel reservation 
notification; and 

the step of allowing the node transmitting a data packet to 
select a channel available to the self node and the 
primary adjacent node as the channel to be used for the 
transmission of the data packet to the primary adjacent 
node, based on the channel status table. 

3. The wireless communication method according to 
claim 2, further comprising: 

the step of generating a topology information table in 
which the primary adjacent node and the secondary 
adjacent node are stored, 

wherein the step of updating the channel status table 
includes: 

the step of allowing the node receiving the channel 
reservation notification to acquire the primary adjacent 
node of the self node adjacent to any one of the 
transmitting node and the receiving node included in 
the received channel reservation notification based on 
the topology information table; and 

the step of allowing the node receiving the channel 
reservation notification to update the channel status 
table Such that the primary adjacent node cannot use a 
channel specified by the received channel reservation 
notification. 

4. The wireless communication method according to 
claim 2, wherein 

at the step of transmitting the channel reservation notifi 
cation, a transmission distance of the channel reserva 
tion notification is made to be at least twice as long as 
a transmission distance of the data packet, so that the 
channel reservation notification is transmitted to both 
of the primary adjacent node and the secondary adja 
cent node. 

5. The wireless communication method according to 
claim 4, wherein 

at the step of transmitting the channel reservation notifi 
cation, transmission radio field strength of the channel 
reservation notification is enhanced more than trans 
mission radio field strength of the data packet, so that 
the transmission distance of the channel reservation 
notification is made to be at least twice as long as the 
transmission distance of the data packet. 
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6. The wireless communication method according to 
claim 4, wherein 

at the step of transmitting the channel reservation notifi 
cation, a modulating system of the channel reservation 
notification is made to be different from a modulating 
system of the data packet, so that the transmission 
distance of the channel reservation notification is made 
to be at least twice as long as the transmission distance 
of the data packet. 

7. The wireless communication method according to 
claim 3, wherein the step of generating the topology infor 
mation table comprises: 

the step of allowing each node in the wireless communi 
cation system to transmit a topology information noti 
fication for notifying a set of the primary adjacent node 
and the secondary adjacent node of the self node; and 

the step of allowing a node receiving the topology infor 
mation notification to update the topology information 
table based on the received topology information noti 
fication. 

8. The wireless communication method according to 
claim 7, wherein 

the plural channels include a broadcast channel for trans 
mitting a broadcast packet, a control channel for trans 
mitting a control packet and a plurality of data channels 
for transmitting data packets, 

the topology information notification is transmitted 
through the broadcast channel, 

the channel reservation notification is transmitted through 
the control channel, 

the data packet is transmitted through any of the plural 
data channels. 

9. The wireless communication method according to 
claim 8, wherein 

each node in the wireless communication system has first 
and second wireless communication devices, 

the topology information notification is transmitted by the 
first wireless communication device, 

the channel reservation notification is transmitted by the 
second wireless communication device, 

the data packet is transmitted by the second wireless 
communication device. 

10. A wireless communication apparatus that conducts 
wireless communication using a plurality of channels, com 
prising: 

a channel status table in which a channel available to a 
self node and a primary adjacent node is stored, the 
primary adjacent node being a node adjacent to the self 
node; and 

a channel selecting unit that selects a channel available to 
the self node and the primary adjacent node as a 
channel to be used for transmission of a data packet to 
the primary adjacent node based on the channel status 
table. 

11. The wireless communication apparatus according to 
claim 10, further comprising: 

a channel reservation notification transmission unit that 
transmits a channel reservation notification to the pri 
mary adjacent node and a second adjacent node, the 
channel reservation notification notifying the channel 
to be used for the transmission, a transmitting node and 
a receiving node, the secondary adjacent node being a 
node non-adjacent to the self node but adjacent to the 
primary adjacent node; and 
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a channel status table updating unit that updates the 13. The wireless communication program according to 
channel status table based on the received channel claim 12, allowing the wireless communication apparatus to 
reservation notification. eXecute 

12. A wireless communication program that allows wire- the step of transmitting a channel reservation notification 
less communication using a plurality of channels to be to the primary adjacent node and a second adjacent 
conducted, the program allowing a wireless communication node, the channel reservation notification notifying the 
apparatus having a channel status table which stores a channel to be used for the transmission, a transmitting 

node and a receiving node, the second adjacent node 
being a node non-adjacent to the self node but adjacent 
to the primary adjacent node; and 

the step of updating the channel status table based on the 
received channel reservation notification. 

channel available to a self node and a primary adjacent node 
therein to execute 

the step of selecting a channel available to the self node 
and the primary adjacent node as a channel to be used 
for transmission of a data packet to the primary adja 
cent node based on the channel status table. k . . . . 


